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ject, and must precede all else, while stratigraphical geology 
depends upon all the other divisions, and must follow 
them. Palaeontological geology is in some sense co-ordinate 
with dynamical and structural geology taken together, but 
finds place after them because its use cannot be explained 
before their principles are known. Whether dynamical 
geology should precede or follow structural, is a question 
admitting of discussion. They are to a large extent cor¬ 
relatives, and either is more intelligible if preceded by 
the other. To give precedence to structural geology is to 
describe phenomena in advance of their explanation. If 
dynamical geology precedes, a variety of natural agents are 
described which have no apparent connection with the 
general subject. The majority of writers have selected 
the former alternative ; but a few have preferred the 
latter, and among them our author. All things considered, 
he appears to have chosen the lesser evil. 

The single new departure of the volume consists in the 
elevation of physiographical geology to the rank of a major 
division. The same title it is true has been placed by 
Dana at the head of a primary division of the subject, but 
it was used by him in a different sense. With Dana it 
is a synonym for physical geography; with Geikie it is 
that “ branch of geological inquiry which deals with the 
evolution of the existing contours of the dry land.” So 
far as the subject has bad place in earlier treatises it has 
been regarded as a subdivision of dynamical geology, and 
the classification which placed it there was certainly 
logical. In dynamical geology, as formulated by Geikie, 
the changes which have their origin beneath the surface 
of the earth (volcanic action, upheaval, and meta- 
morphism), and the changes which belong exclusively 
to the surface (denudation and deposition) are separately 
treated. In physiographical geology the conjoint action 
of these factors of change is considered with reference to 
its topographical results. Starting from geological agencies 
as data we may proceed in one direction to the develop¬ 
ment of geological history, or in another direction to the 
explanation of terrestrial scenery and topography, and if 
the development of the earth’s history is the peculiar 
theme of geology, it follows that the explanation of topo¬ 
graphy, or physiographical geology, is of the nature of an 
incidental result a sort of corollary to dynamical geology. 
The systematic rank assigned to it by Geikie is an 
explicit recognition of what has long been implicitly 
admitted : that geology is concerned quite as. really with 
the explanation of the existing features of the earth as 
with its past history. The separation initiated by our 
author is an indication of the growing importance of the 
subject, and it is safe to predict that in the future it will 
not merely retain its new position, but will even demand 
a larger share of space. 

The following scheme exhibits the general plan of the 
volume:— 

Book 1.—Cosmical aspects of geology. 

Book 2.—Geognosy : an investigation of the materials 
of the earth’s substance. 

Book 3.—Dynamical geology. 

Book 4— Geotectonic geology; or the architecture of 
the earth’s crust. ( Geotectonic is a new term proposed as 
a substitute for structural). 

Book 5.—Palaeontological geology. 

Book 6.—Stratigraphical geology. 


Book 7.—Physiographical geology. 

Comparing this classification with that of other authors, 
and viewing it with reference to the present condition of 
the science, we may say without hesitation that it has no 
superior, and that it is well adapted to existing needs. 

G. K. Gilbert, 

U.S. Geological Survey 
{To be continued.) 


OUT BOOK SHELF 

Uniplanar Kinematics of Solids and Fluids; with Appli¬ 
cations to the Distribution and Flow of Electricity. By 
George M. Minchin, M.A. Pp. viii. -f- 266. (Oxford: 
Clarendon Press, 1882.) 

In subject-matter this book is almost unique among our 
mathematical manuals. The only fellow to it is Clifford’s 
“ Kinematic.” It consists of six chapters, the first deal¬ 
ing with Displacement and Velocity, the second with 
Acceleration, the third with Epicycloidal Motion, the 
fourth with the Mass-Kinematics of Solids, the fifth with 
the Analysis of Small Strains, and the sixth almost as 
long as the others put together, with the Kinematics of 
Fluids. The subdivisions of the last chapter are headed 
— General Properties : Multiply Connected Spaces ; 
Motions due to Sources and Vortices, Electrical Flow; 
Conjugate Functions. There is also a short appendix, 
with notes on such subjects as Vectors and their Deriva¬ 
tives, Current-Power, and Routh’s Use of Conjugate 
Functions. 

It is impossible, without occupying considerable space, 
to give an adequate idea of the freshness and originality 
which mark Prof. Minchin’s work. These are notable in 
the exceedingly valuable sixth chapter, but even on such 
well-worn subjects as velocity and acceleration, he treats 
us to many pleasant little surprises. Nor is this accom¬ 
plished at the expense of the student; the clearness, 
fulness, and good arrangement specially requisite in a 
college text-book are all of them conspicuous ; and valu¬ 
able collections of exercises, worked and unworked, and 
given at intervals. The book is altogether one for which 
success may be cordially wished, not merely as a reward 
to the author, but in order that the science of which he 
treats may go on as steadily and rapidly advancing as 
it has of recent years been doing. 

Die Kafer Westfalens. Zusammengestelt von F. West- 
hoff, Abtheilung ii. (Supplement zu den Verhand- 
lungen des naturhistorischen Vereins der preussischen 
Rheinlande und Westfalens, Jahrgang 38, pp. 141-323.) 
(Bonn, 1882.) 

We have already noticed the first part of this work in 
Nature. The second and concluding portion is now 
before us. It forms one of the most useful local Beetle 
catalogues that we have seen, nicely printed (the names 
being in bold black type), with copious local and other 
information. The district comprises about 450 square 
(German) miles, and is varied in its physical conditions. 
In all, 3221 species are enumerated, in 59 families. The 
Staphylinidce comprise 667 species, Curculitmidce 471, 
Carabida 321, Chrysomelida: 265, and Dytiscidce 115. All 
the other families have each less than 100 representatives, 
and 10 of them less than 5. The nomenclature followed 
is that of the newest “ Stein-Weise ” German list, which, 
as is well known, has introduced a great multitude of 
changes and innovations ; but other generally received 
names are indicated in brackets, thus avoiding confusion. 
Westhoff describes no new species in Part ii., but indi¬ 
cates and names a good many new (chiefly colour) varie¬ 
ties. Probably the rage for naming colour-varieties, so 
wide-spread at the present day, should be deprecated. 
For instance, in this catalogue we find a list of 27 named 
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varieties following the indication of Coccinella xa-punctata, 
L., and 6 or 8 analogous varieties are appended to many 
other species of Ladybirds. Taking it as a whole, this 
excellent catalogue may serve as a model for compilers of 
lists of the Beetle (or other entomological) fauna of other 
districts. 


LETTERS TO THE EDITOR 

[The Editor does not hold himself responsible for opinions expressed 
by his correspondents. Neither can he undertake to return, 
or to correspond with the writers of, rejected manuscripts. 
No notice is taken of anonymous communications. 

[ The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to ensure the appearance even 
of communications containing interesting and novel facts. ] 

Equal Temperament of the Scale 

In your number of November 8, 1877, p. 34, Mr. Chappell, 
F.S. A., has intimated that mathematicians who propose to divide 
the octave into twelve equal semitones instead of “equally tem¬ 
pered semitones,” are deficient in musical ear. I have not 
noticed that any mathematician has replied to him. 

Representing (with Mr. Chappell) the number of vibrations in 
the C of my piano by I, and the octave c therefore by 2, and 
dividing the octave into 12 equal intervals, I obtain for the 
vibration-numbers— 

C = r 

C| = I -0594 = 2 * 

D = 1'1224 = 2^ 

D# = 1-1892 = 2 1T 
E = 1'2599 = 2 1 ® 

F = 1-3348 = 2 * 

F^ = 1-4142 = 2 T3 

In these equal semitones each is equidistant from the preceding 
and following: as F is to F|l., so is I ; to G, &c. Hence in 
whatever key I play a passage on my piano, the divergence from 
harmonic intervals will be aUke at every point; the keys on my 
piano will have no distinctive character, the key of 3 sharps will 
not be more “brilliant ” or less “ plaintive ” than that of 4 flats. 

In the key of C, the harmonic third, fifth, and seventh will 
be, according to the above notation, 1-25, I'S, and I-75 respec¬ 
tively. As regards the fifth G it is a remarkable numerical 
y 

coincidence that 2 X ^ only differs from I-5 by ^s-, i.e. the equal 
temperament G only differs from the harmonic by its part, 
a difference so slight that it may be neglected. We tune fiddles 
by fifths therefore. This coincidence is the fundamental fact which 
enables us to modulate into various keys on a piano, and it is the 
reason why the scale must be divided into 12 (and not any other 
number of) semitones; for it will be found that, until you get to 
the unmanageably high number of 53, no other equal division of 
the scale has any note so near the harmonic G. 

The crucial point of tempering arises on the third. The E of 
1 

my piano is 2 s = Lr”> whereas the harmonic E is = ]f| ; my 
E is therefore by its P art to ° sharp, in the key of C, a per¬ 
ceptible degree of error, unpleasant to many musicians. In 
ordinary pianoforte tuning, the E (by the plan in Hamilton’s 
pianoforte tuner or some similar compromise) is tuned somewhere 
X 126 1 

between and fjf, say and the wolf between this E and 
the upper c is distributed. 

This is all very simple so long as we remain in the key of C; 
indeed if we remain there, we want no tempering. But G|l is 
the third to E, and c is the third to A|j; on the piano G;| and 
A[> are one. On my equal-semitone piano I have 

c - I ; E = 2 3 (= 411 nearly ; 

G$ = A[» = 2 s (= -J44 nearly); c = 2. 

I now ask the champion of “ equally tempered semitones ” what 
is the numerical value of his E and what of his G;|. If he gives 

them any other values than 2 3 and 2 3 respectively, it is clear 
that a greater error will be introduced in one part of the scale | 


than is saved in another. Instead of algebraic proof I take an 
instance—suppose that Mr. Chappell tunes his E at ; if he 

equally tempers his in the scale of E, it will be (qfjj 3 
very nearly. Then when he puts down the common chord in 
the key of A|?, his third the c will be by its part too sharp, 
whereas on my equal temperament piano it would only be by its 
■jpa part too sharp. In other words, though the keys of C and 
E may be somewhat better on Mr. Chappell’s piano than on 
mine, the key of A\> will be very much worse. 'This is pretty 
nearly what occurs in practice. The point of my argument is 
that Mr. Chappell cannot move his E ever so little from the 
1 

value 2 3 without introducing a greater error somewhere else. 
The term “ equally tempered semitone” is inaccurate ; the semi¬ 
tones on my piano are all equal; and no one of them can be 
altered by a disciple of the “equally-tempered semitone” with¬ 
out making them unequal. The “ equally-tempered semitones ” 
are not equally tempered. Moreover if you “temper”*^ all 
you lose the effect of the harmonics ; by moving E from to 

16 ^ y° u sacr ^ ce harmonic coincidence. 

The simple reason that unequal tempering is practised is 
because all keys are not used equally often. A piano is un¬ 
equally tempered so that the keys C, G, A, F are fair, E, Bf>, E|? 
tolerable, the other keys being very much worse than on my 
equal-semitone piano. On most church organs, being unequally 
tempered, if you modulate even transiently into 4 or 5 fiats, the 
effect is unendurable. 

The crucial question in tuning is the question, if your E is not 
1 „ 2 

2 3 and your G# 2 s , what values do you put them at? The 
question of the seventh is more complex ; I may observe that 
though my equal-semitone seventh (17818) appears far away 
from the harmonic seventh (1*75), yet that the B[> of tuners on 
the “ equally-tempered semitone ” system is not much nearer it. 
Their B|? is ^ or thereabout, or in other words, the sub-sub¬ 
dominant of C. Therefore, on the piano, you have not got the 
“ harmonic-seventh ” at all ; the note which replaces it is one 
that suggests overpoweringly the key of F. This is the secret 
which underlies several of our rules in harmony. It is also the 
reason why valve-horn players play Bjj (though an open note) 
with valve n. 2, or if they play without a key “lip it up” very 
carefully. 

It is often supposed that the “ wolf” has been introduced into 
music by that most useful though imperfect instrument the piano, 
and that the noble violin or human voice knows it not, except in 
so far as our natural good ear for harmonic intervals has been 
debauched by continually hearing tempered intervals. This is 
not so ; the “ wolf” is not only in the piano but in the scale. 
It is true that a violin can play in harmonic tune so long as the 
melody runs in one key, or if it modulates into a closely allied 
key, and back again the same way. But suppose my violin begins 
by rising from C to E harmonically, i.e. to {£§; then after 
playing awhile, there proceeds to G| (f£ §) 2 harmonically, being 
then in 8 sharps; and then, after playing awhile in 8 sharps, 
proceeds to c ; the c of the fiddle will then be (x§J-) 3 instead of 
2, i.e. it will be out of tune. In this simple case the fiddle 
is supposed to play alone, unfettered by any harmonics but its 
own; in the case of a string-band, the agreeableness of many 
modulations actually depends upon some chords being harmonic¬ 
ally out of tune, the note in the chord which performs the duty 
of Gj to its preceding chord, performing the duty of Aj? to its 
succeeding chord. 

The practical conclusion is that the best plan of tuning a 
piano for vulgar music and vulgar players is that now ordinarily 
practised by the tuners, and recommended by Mr. Chappell ; 
but if the piano is to be used equally in all keys (or even fre¬ 
quently in 4 or 5 fiats, 5 or 6 sharps) the best plan is to tune it 
in 12 mathematically equal semitones. C. B. Clarke 


Animal Intelligence 

In an excellent paper on u Animal Intelligence ” (Nature, 
vol. xxvi. p. 523), Mr. C. Lloyd Morgan says that “The brute 
has to be contented with the experience he inherits or indivi¬ 
dually acquires. Man, through language spoken or written, 
profits by the experience of his fellows. Even the most savage 
tribe has traditions extending back to the father’s father. May 
there not be, in social animals also, traditions from generation 


G = 1*4983 = 

G# = 1*5874 = 2* 

A = r68i8 = 2 t? * 
= 17818 = 2** 
B - 1-8877 = 2 ** 

C = 2 ’ 
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